We propose a renormalizable theory with minimal particle content and symmetries, that explains the number of Standard Model (SM) fermion families, the SM fermion mass hierarchy, the tiny values for the light active neutrino masses, the lepton and baryon asymmetry of the Universe, the dark matter relic density as well as the muon and electron anomalous magnetic moments. In the proposed model, the top quark and the exotic fermions do acquire tree-level masses whereas the SM charged fermions lighter than the top quark gain one-loop level masses. Besides that, the tiny masses for the light active neutrino are generated from an inverse seesaw mechanism at one-loop level.
Despite the considerable experimental success of the Standard Model (SM), it leaves many unanswered questions such the origin of the observed SM fermion mass hierarchy, the number of SM fermion families, the tiny values of the light active neutrino masses, the nature of the dark matter (DM), the electric charge quantization, the lepton and baryon asymmetries of the Universe and the anomalous magnetic moments of the muon and electron. To address these issues, we propose a minimal renormalizable theory with the extended SU (3) C × SU (3) L ×U (1) X gauge symmetry, which is supplemented by the U (1) Lg lepton number symmetry and the Z 4 discrete group. Its scalar and fermionic spectrum with their assignments under the symmetries of the model are shown in Tables I and II, respectively. The above gauge symmetry is crucial for explaining the number of SM fermion families, since to fulfill the anomaly cancellation conditions, the number of left-handed SU (3) L fermion triplets has to be equal to the number of SU (3) L fermion antitriplets, which only happens when the number of fermion generations is a multiple of three. The U (1) Lg lepton number symmetry is spontaneously broken down to the residual Z (Lg) 2 lepton number symmetry, under which only leptons are charged, thus forbidding proton decay [1] . In this model the lepton number is defined as:
where L g is a conserved charge associated with the * Electronic address: antonio.carcamo@usm.cl † Electronic address: dthuong@iop.vast.ac.vn ‡ Electronic address: hoangngoclong@tdtu.edu.vn U (1) Lg global lepton number symmetry. Furthermore, the Z 4 discrete group is spontaneously broken down to the preserved Z 2 symmetry, which allows stable DM candidates that trigger one-loop level radiative inverse seesaw mechanism for the generation of the light active neutrino masses. Such DM candidates also mediate the oneloop level radiative seesaw mechanism that produces the SM charged lepton masses. Notice, as follows from Table I that the electrically neutral gauge singlet scalars η and as well as the neutral components of the φ scalar triplet are scalar DM candidates since their Z 4 charge corresponds to a nontrivial charge under the preserved Z 2 symmetry. In addition, from the fermionic assignments shown in Table II , it follows that Ω nR (n = 1, 2) are fermionic DM candidates. The one-loop Feynman diagram contributing to the µ parameter of the inverse seesaw is shown in fig. 4 . Besides that, it is worth mentioning that the Z 4 discrete group allows preventing a tree-level charm quark mass, which in the model only appears at one-loop level. On the other hand, the appearance of tree-level up quark and SM down type quark masses is prevented due to the U (1) X assignments of the particle spectrum. Such masses are only generated at the one-loop level. The one-loop Feynman diagrams contributing to the entries of the SM charged fermion mass matrices are shown in fig.3 . Notice that the electrically charged scalars together with heavy vectorlike up (down) type quarks mediate one-loop level radiative seesaw mechanisms that produce the masses for the down, strange and bottom quarks (up and charm quarks). It is worth mentioning that the set of heavy vector-like quarks T i (i = 1, 2, 3), B n (n = 1, 2) is the minimum amount of exotic quarks needed to provide one-loop level masses for the SM quarks lighter than the top quark. In the case of minimal scalar content, one seesaw fermionic mediator is needed to provide one- TeV to comply with collider [2] and flavor constraints [3] [4] [5] [6] [7] . The breaking of the SU (2) L × U (1) Y symmetry is triggered by the VEV of the second component of the SU (3) L scalar triplet ρ, whose CP even neutral component corresponds to the 126 GeV SM like Higgs boson. Consequently, the spontaneous symmetry breaking chain proceeds as follows:
The SU (3) L scalar triplets of this model are represented as:
whereas the SU (3) L fermionic triplets and antitriplets take the form:
where the first two components of the SU (3) L fermionic triplets and antitriplets correspond to the left handed SM fermionic fields. With the particle spectrum and symmetries specified in Tables I and II , we find that the relevant quark and lepton Yukawa interactions crucial to generate the observed SM fermion mass and mixing pattern, are described by the terms:
After the model symmetries are spontaneously broken, the above Yukawa interactions generate the one-loop level entries for the SM charged fermion mass matrices, as indicated by the Feynman diagrams of figure 3. In the SM quark sector, only the third row of the SM up type quark mass matrix is generated at tree level from the first term of the forth line of Eq. (5) . Such a third row is associated with the top quark mass which arises at tree level in the model. Furthermore, note that the terms between the first and third lines of Eq. (5) give rise to tree-level exotic quark masses. In addition, from the lepton Yukawa interactions of (6), it follows that the charged exotic leptons E i (i = 1, 2, 3) (which are assumed to be physical fields). and the right-handed Majorana neutrinos Ω nR (n = 1, 2) get tree-level masses, whereas the SM charged leptons masses as well as the mass terms for the gauge singlet neutral leptons N iR (i = 1, 2, 3) appear at one-loop level. Furthermore, from the neutrino Yukawa interactions of Eq. (6) we get the following neutrino mass terms:
where the full neutrino mass matrix is given by:
and the entries of the submatrix, which are generated at one-loop level from the Feynman diagram of figure 4 , take the form:
where i, j = 1, 2, 3, m Ωn = y
(Ω)
We would like to note that the neutrinos ν aL , ν aR carry the lepton number one unit and the fields N aR have an opposite lepton number with respect to that of neutrinos. The Majorana mass term of N aR , µ-parameter, does not conserve the lepton number. The smallness of µ can be naturally realized via a radiative correction given in (9) . Diagonalization of the neutrino mass matrix (8) for µ, 
where M As above mentioned, the pseudo-Dirac fermions are degenerate in mass and can realize the resonant leptogenesis mechanism to generate the baryon asymmetry of the universe (BAU) [8] . In the inverse seesaw mechanism, the smallness of the µ-parameter can naturally suppress the washout of the pre-existing baryon asymmetry [9] . However, to explain the smallness of the µ-parameter, the model introduces exotic fermions and scalar fields. These fields create new washout processes as
where H ± ∼ ρ ± 1 cos α + χ ± 2 sin α. In the case, the baryogenesis temperature (T BG ) above the inverse seesaw scale Λ ISS , the washout processes are avoided if the Yukawa couplings related to the processes given in Eq.(12) should be small [10] . The choice of the small Yukawa coupling leading to the radiative inverse seesaw mechanism is insignificant. Because the singlets Ω aR generate the small lepton number violation µ-parameter via one loop correction, thus the baryogenesis occurs before electroweak symmetry breaking. At T BG < Λ ISS , if at least one particle has a mass lower than the value of the baryogenesis temperature, the washout process can be suppressed [10] . We assume that y (N ) and x (N ) are diagonal matrices and that there is a hierarchical structure between them as y 33 . Therefore only the first generation of N ± a can give the contribution to the BAU. We assume that the masses of E aR , Ω aR fields are larger than the masses of the lightest pseudo-Dirac fermions N ± 1 , which implies that the lepton asymmetry parameter from the decay of each N + 1 , N − 1 given by [11, 12] 
where we have defined h ν = −y (N ) sin α + z (L) cos α, h N = y (N ) sin α + z (L) cos α , and
Due to the weak washout, the baryon asymmetry is re-lated to the lepton asymmetry [12] as follows
where g * = 106.75 is the number of relativistic degrees of freedom. Fig. 1 shows the baryon asymmetry η B as a On the other hand, as previously mentioned, the model has several DM candidates. Here we assume that the lightest of them is the gauge singlet scalar η I . Notice that we have taken m η I m η R = 400 GeV, which corresponds to the lower bound for the mass of the singlet scalar DM candidate, as shown in Ref [13] . In addition, note that the Yukawa terms x (E) n L nL φE nR and z (l) n E nL l nR (n = 1, 2), as well as the trilinear scalar interaction Aρφ † * , will give rise to one-loop level contributions to the muon and electron anomalous magnetic moments. Such one-loop level contributions to the (g e,µ − 2) will involve the exchange of CP even and CP odd scalars as well as of the heavy charged exotic leptons E n (n = 1, 2) running in the internal lines of the triangular loops. Then, the electron and muon anomalous magnetic moments take the form: where H 1 = cos θ S Re + sin θ S ξ φ , H 2 = − sin θ S Re + cos θ S ξ φ , A 1 = cos θ P Im + sin θ P ξ φ , A 2 = − sin θ P Im + cos θ P ζ φ and for the sake of simplicity we have set x (E) n = z (l) n = y n (n = 1, 2), θ S = θ P . In addition, the loop integrals are given by [14, 15] :
.
Considering that the muon and electron anomalous magnetic moments are constrained to be in the ranges [16] [17] [18] [19] :
(∆a e ) exp = (−0.88 ± 0.36) × 10 −12 .
we plot in fig. 2 Here n = 1, 2, k = 1, 3 and i = 1, 2, 3.
In conclusion, we have constructed a minimal renormalizable theory that explains the number of SM fermion generations, the electric charge quantization, the SM fermion mass hierarchy, the tiny values of the light active neutrino masses, the lepton and baryon asymmetry of the Universe, the observed DM relic density as well as the muon and electron anomalous magnetic moments. In our model, the top quark, as well as the exotic fermions, obtain tree-level masses, whereas the SM charged fermions lighter than the top quark get one-loop level masses. Besides that, the tiny light active neutrino masses are pro-duced from a one-loop level inverse seesaw mechanism.
